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11.5 FLUOROMETERS

Fl uoroneters are useful in detecting dyes for Tine-of-Travel and
dilution studies in streans. Fl uoroneters are also useful in
detecting detergents that are commonly found in donestic

wast ewat er and septic systens, and for detection of septic systens
| eakage into | akes and streans.

11.5.1 Stream Time-of-Travel

A CGENERAL

Three principal nmethods are used to deternine travel tine in
streans. These nethods are surface floats , neasurenents of
cross sectional velocity, and tracers (dye).

A rough nethod for prelimnary estimtes of tine-of-water
travel con sists of dropping sticks or other buoyant objects
frombridges into the streamreach under observation, and
noting the tine required for themto float an estimated 3. 1m
(10ft) or another conveni ent distance. The velocity
estimates are too inaccurate for use in interpretation of
data or final reporting, but can be useful in prelimnary

pl anni ng of studies and in subsequent nore precise
nmeasurenents of time-of-water-travel.

Streamvelocities at gaging stations, neasured by the U S.
Geol ogi cal Survey in devel oping rating curves, may be applied
to the entire reach under observation to estimate time-of-
water travel. This is nore refined than using floating
objects, but can still be inaccurate. Rarely are there nore
than one or two gaging stations in nost streamreaches being
studied. Streamchannels generally are restricted at gagi ng
stations and velocities are generally hi gher than average

vel ocities throughout the reach. Ooss sectional velocities
can al so be deternmined at | ocations designated for a
particul ar study.

Tracer dyes provide a direct and highly accurate nethod of

determning tine-of-travel. This is the preferred method if
resources are avail abl e.

B. PROCEDURES

Floats -- Surface floats may be foll oned downstreamand ti ned
for known distances to determne tine-of-water-travel. This
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requires the use of considerable judgment, for floats tend to
travel into quiet or eddy areas, or to becone stuck on tree
|inbs, the streambank, or other obstacles. The floats nust
frequently be retrieved and returned to the streamcurrent.
The principal judgnent factors are how |l ong the fl oats shoul d
be left in quiet areas before retrieval and where they shoul d
be placed in the current.

Surface water velocity is greater than the average for the
entire stream and a correction factor nust be applied to the
surface velocity. An average velocity of about 85%of the
surface velocity is a reasonabl e rul e-of -t hunb val ue.

O oss Section Measuremrent s -- The measurement of cross
sectional velocities at frequent |ongitudinal intervals and
the calculation of average velocity in the streamis a tine-
consum ng net hod of obtaining tine-of-water-travel

The longitudinal intervals at which cross sections shall be
neasured vary with the characteristics of the stream channel
Cne cross section per 1.6km (1.0nm) nay be adequate for
streans with reasonably uni formchannels. &oss sections at
every 0.16km (0.1m) nay be desirable for streams wth

i rregul ar channel s.

Tracers -- The nost accurate method of measuring tine-of-
travel involves following a tracer. Sone conservative
industrial waste constituents, salt, or radi oi sotopes nay
serve as tracers; however, dye is nost common. The nost
frequently used dye is Rhodamine WI; it can be detected in
concentrations as |ow as 0.0lppb by a fl uororet er.

Before injection into the stream the concentrated dye shal
be diluted with the streamwater. This shall help insure

i medi at e naxi num di spersion. Addition of concentrated dye
without dilution may incur inconplete disper si on
particularly in shallow streams. Calibration curves shall be
devel oped for each study with particul ar enphasis on
accounting for natural background fl uorescence.

The dye should be distributed across the stream at a upstream
point, as nearly instantaneously as possible. The ideal
distribution produces a narrow band of tracer in uniform
concentration across the stream The band of tracer m xes
with water ahead of and behind it by diffusion, and
longitudinal nmxing, as it noves downstreamto produce an

i ncreasingly wider band. The peak con centration remains
near, but downstream the center line of the band and
decreases as |ongitudinal mxing proceeds. Tines-of-water-
travel to downstreampoints are the differences between the
time the dye was added to the streamand the tines the
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centroid of the dye nass arrives at downstreampoints. The
length of the dye cloud and the peak concentrations produces
a neasure of instreamdispersion

If Rhodamne W dye is used as a tracer, peak concentrations
from1.0 to 50.0ppb allow satisfactory definition of the dye
concentration curve

Most nethods of cal culating the dosage of dye needed at the
upst ream poi nt i nvol ves estinmates of one or nore stream
characteristics, such as flow, velocity, length of reach
volune in the reach, cross sectional area, average depth, and
t he roughness coefficient, "n", of the Manni ng's formul a
USGS has produced excel | ent publications regarding timne-of-
travel techniques, i.e., "Measure nent of Time-of-Travel and
D spersion by Dye Tracing" (9) and " Fl uoronetri c Procedures
for Dye Tracing" (10).

The streamshall be sanpled frequently as the dye arrives at
the down streampoint to define the tracer concentration
versus tinme curve with special enphasis on the peak. The
frequency nmay be varied fromonce every ninute to once every
10 to 15 nminutes, depending on how w de the band of dye has
becone at the sanpling point. The dye may be m ssed

conpl etely by overestinating the tine required for it to
travel downstream Mich tine nay be wasted, on the other
hand, waiting for it to arrive if the time-of-travel is
underestinmated. Al information that shall contribute to the
best possible prelimnary estimate of the required time shal
be used.

Two primary methods are used for sanpling and anal yzi ng the
dye in a stream A subnersible punp can be used to punp dye
continuously through a fluoronmeter, or the stream sanpl es can
be grabbed either by hand or by autonatic sanpl er at

speci fied frequencies then placed into the f1 uor orret er
individually. Wth the "flowthrough" version, a strip
chart recorder connected to the fluoronmeter can be used to
plot the tracer concentration versus time. Readings directly
fromthe fluoroneter scale or conversion to dye
concentration can be nanual |y plotted agai nst time when using
the grab sanpling technique.

A version of the grab sanpling techni qgue woul d be using an
automatic water sanpler that discharges into separate
bottles. The sanpler is preset to collect sanples at certain
intervals; at the end of the sanple collection tinme, the

di screte sanpl es woul d be anal yzed and the concentration
determned for each sanple. The concentrations are then

pl otted agai nst tine.

For proper determnation of travel time, sanples shall

continue to be anal yzed until the stream background
concentration following the peak is nea sured. Wth a tine
versus concentration plot which coincides with the background

| evel to peak to background | evel, the centroid or the actua
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travel tinme can be determ ned.

The Drinking Water Program shall be con tacted before
conducting tracer studies in freshwater systens to insure
that tracer concentrations do not inpart color to downstream
public or private water supplies.

C  EQU PMENT AVAI LABLE

The followi ng DEQ equi pnent is available for tine-of-trave
st udi es:

tracer standards
punps

recorders

flow neters
floats
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11.5.2 Dilution Studies

A PROCEDURES

Miuch of the information discussed in the streamtime-to-
travel studies applies to dilution studies. USGS publication
"Measurenent of Discharge by Dye-Dlution Methods" (11)

provi des references for the techni ques

D lution studies using tracer dyes evol ve from"nass
conservation" prin ciples. That is, a known nmass of a tracer
is introduced at an upstreampoint, and after mxing with the
water to be traced, this nmass shoul d be accountabl e at

downst ream | ocat i ons. Rhodam ne W provi des an adequat e
tracer for such investigations. This dye is slightly

phot oreactive and reaction rates are available in the
literature (generally, Krate is 0.034/day). The technique
of choice is the use of fluorometers with tracer dyes due to
the high degree of accuracy and detection ability of
fluorometers plus the solubility properties of tracer dyes.

In dilution studies, the tracer dye is precisely nmetered into
the waters to be traced and then nonitored after nmixing by a
fluoroneter at downstreamstations. This series of events
requires highly controlled netering rates and very accurate
fluorometric anal yses.

B. EQJ PMENT AVAl LABLE

The following DEQ field equipnent is available for dilution

st udi es:

° f | uor onet er

° net eri ng punp

° tracer standards
° punps

C. SPEC FI C EQU PMENT QUALI TY CONTRCL PROCEDURES
Refer to the quality control section in the previous section

The metering punp are calibrated before and during use; the
field calibration data are recorded in the field records.
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I nvestigations of industrial and nmunicipal facilities for
NPDES pernit conpliance require measurenents of discharge
rates. Cften encountered during these investigations are
fl ow measuring devices such as orifices and nmagnetic neters
that are inaccessible for flow neasurenents by standard
equations relating to hydraulic head and structure size. The
follow ng provides a direct technique for flow neasurenent
through orifices and nmagnetic neters using dye tracers.

D scharge rate through any structure can be defined by the
foll owi ng mass bal ance equati on:

MASS BALANCE ECQUATI ON

Q = (C) (g1) - (Cr) (91)
G
Wer e: Q =pipe flowrate
C, = tracer injection concentration

C ? @(Q:tqy)
g, = tracer injection rate
C, = tracer concentration after mxing
g1 @C,
(C)(g1) = (C)(Q + 0g1)

Assuming a constant discharge rate and conpl ete mxing of a
tracer material in the waste stream the task is (1) to
inject atracer material into the waste streamat a constant
rate and constant concentration, and (2) to nmeasure the
concentration of the tracer after mixing with the waste
stream
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11.5.3 Groundwater Time-of-Travel and Hydrologic Connections

A EQU PVENT

1. 250m sanple bottles (polyethylene plastic or
gl ass)

2.  Rhodam ne dye

3. lce chest
4. |Injection equi pment as needed such as funnel and
hose

B. PREPARATI ON

1. Selection of the dye injection site is dependent on
the problemto be examned. Injection sites nay

i ncl ude septic tank, drainfield, well, etc. Volune of
dye to be injected depends on the estinmated soi
characteristics, flow volune, distance, and timne-of -
travel . Rhodam ne WI' concentration shall not exceed
100ppb in a groundwater study nor O.1ppb in a drinking
wat er supply. The Turner 450 Fl uor onet er can det ect
Rhodam ne dye at less than 1.0ug/L concentration under

i deal conditions.

2. Any dye injected into a well shall be nontoxic and
placed at or near the screen. Dye injection shall be
acconpl i shed using a sufficient volune of water to

i nsure novenent into the fl ow systemto be exam ned.

For exanple, a well shall be surged with 3 well vol unes
following the introduction of dye after deternning the
well to be dyed is under the influence of the punped
well. A septic tank shall be surged with at least 1
vol une followi ng dye introduction with consideration
given to the infiltration lintations of the
drainfield, if any.

C CO.LECTION

1. Background sanpl es shall be collected before any
introduction of a dye into the flow system \Wél
background sanpl es shall be obtai ned follow ng punping
of the well to insure stabilized tenperature and pH
Background streamor pond water sanple sites are

dependent on the problemto be exam ned. Background
sanples are critical to fluorescence testing with high
"bl ank" fluorescence being the nost limting factor
relating to sensitivity of the test.

2. Followi ng dye injection, sanples shall be obtained
fromthe selected sites over a period of tine. The

11-05. DOC



Section No. 11.0
Revi si on No. 0
Date: 4/1/95

start and end tine are dependent on factors descri bed
in 2. aof the Qperator’s Reference Manual for Dgita
Fl uor onet er Mbdel 450 with sanpling periods ranging

bet ween 1-30 days.

3. Sanple bottles shall be identified with specific
site | D nunber, nane of sanpler, date, and tine of
col | ection.

D PRESERVATI ON

1. Sanples nust be cooled to 4 °Cand maintained in
darkness until anal yzed.

E.  PRECAUTI ONS

1. Be sureto triple rinse the sanple bhottle with the
source water before the collection of the sanple.

2. Check sanple bottles to nake sure they are properly
identified with the required information.

F. QUALITY CONTRCL

1. Background and target sanples nust be fromthe sane
sanpl e | ocati ons.

2. Timng of the sanple collection shall coincide to
mnimze diurnal influences. For exanple, all sanples
shall be collected at sane tine each day and col |l ection
time of the background sanpl e.

3. Sanples shall be held no nore than 2 weeks before
anal ysi s.

G SPEQ AL | NSTRUCTI ONS

Fl uor escence can be useful in determning hydraulic
connections and flow rates based on introduced dyes.

Specific dyes require specific filters on the f1 uoromet er.
Be sure to match your dye with available filters.

Sewage i npacts can be docunented using the fluorescent
properties of detergent whiteners and specific filters on the
fluorometer. Be sure the waste streamcontains detergents

wi th whiteners before sanpling.

The Turner 450 Fluoroneter can be used in the field at a site
with 120V power.

H REFERENCES

perator's Reference Manual, Mbdel 450 Dgital Fl uor onet er.
Sequoi a- Tur ner Cor poration, 1987.

Case Studies in WHP Delineation and Monitoring. U S EPA
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600/ R- 931, pg. 4-18 through pg. 4-60, 1993.
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11.5.4 Fluorometric Determination of Dye Tracer

A SCCPE AND APPLI CATI CN

This nethod covers the determ nati on of fluorescence as it

relates to comnercially avail able tracer dyes. Rhodam ne
dyes are fluorescent at a wavel ength of 590 mllinmcrons,
nmaki ng t hem det ect abl e wi t hout maj or interferences in all

natural waters.

B. SUWARY OF METHOD

Fl uorescent dyes emt light upon irradiation froman external
source. The emtted light is proportional to the tracer
concentration within the sanple.

C  SAWPLE HANDLI NG

° Since tracers are photoreactive, care nmust be taken to
protect sanples fromlight sources.

° Al sanples shall be stored in glass containers.

D. | NTERFERENCES

° Tenperature shifts the fluorescent properties of the
tracers; thus all sanples shall be anal yzed at the sane
tenperature as the calibration standards.

° Natural conditions such as the presence of chl orophyl |
or tannins and lignins in the waters to be traced can
i npart background fl uorescence. Cali bration standards
shall be nade fromthese anbient waters to account for
any potential background.

° Sanple turbidity may interfere. In highly turbid
wat ers, accuracy rmay be enhanced by filtration before
anal ysi s.

E  APPARATUS

° Turner Fl uorometer Mdel 10-005

° Calibration gl assware

F. STANDARDS
1. Fl ow Thr ough Confi gurati on

Wr ki ng stocks (use a water sanple fromthe study areas
as dilution water).
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Dlute 1M dye to 1 liter dilution water: solution

"A' = |ppt.
Dlute 10m of solution "A' to 1 liter solution
"B' = 10ppm

Dlute 100m of solution "A' to 1 liter solution
"C'= 100ppm

Cuvette or Pour-Through Configuration

VWr ki ng stocks (use a water sanple fromthe study area
as dilution water).

a)
b)
c)
d)

Dlute 10mM dye to 1 liter:
solution "A' = 10ppt.
Dlute 10m "A' to 1 liter:
solution "B' = 100ppm
Dlute Imi "A" to 1 liter:
solution "C' = 10ppm
Dlute 10m to 1 liter:
solution "D' = 1lppm

From t hese st ocks

a)
b)
c)

Each Mt "B" to 1 liter adds 100ppb
Each Mt "C' to 1 liter adds 10ppb
Each Mt "D' to 1 liter adds 1ppb

G PROCEDURE

1.

d)

f)

Turner Fluorometer Mdel 10-005

Al low fluoronmeter to warmup for 10 m nutes.
Wsi ng background water, adjust for background
fl uorescence by setting instrunment on the nost
sensitive scale (x31.6 and x100 sensitivity) to
read 0.0.

Machine circuitry is designed such that one
calibration standard, i.e., 100ppb, produces

| i near responses throughout a range 0.05 to
300. 00ppb.

Above 300ppb, emssions fromthe irradiated dye
sanple interfere with one another producing a
nonl i near condition. Thus, when worki ng above 300
ppb, calibration curves are required.

Though a single 100ppb standard produces a |inear
response in the range 0.1 to 300. Oppb, a second
standard, i.e., 10ppb, shall be used as a check
Dependi ng upon sensitivity needs, a 100ppb

standard can be used to provide a w de range of
tracer concentrations. A typical applica tion by
the DEQ invol ves setting a 100ppb standard to

equal 10 on the mni numsensitivity scale ( xMs and
x100). Wth this setting, tracer concentrations
inthe range 0.05 to 300. 00ppb can easily be
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det er m ned.
H PREA SI ON AND ACOURACY

Preci sion and accuracy for this method have not been
est abl i shed.

. REFERENCE

W/l son, Janes F., Jr., Fl uoronetri c Procedures for Dye
Tracing: USGS Techni ques for \ater-Resources |nvestigations,
Book 3, Chapter Al2 (1968).

perating and Service Manual, Mdel 10 Series Fl uor onet er s,
Turner Designs, (Cctober 1981.
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